Pots experiment was conducted in the experimental farm of Agricultural Botany Department, Faculty of Agriculture, Ain Shams Univ. during the seasons of 2015 and 2016 to investigate the effect of grafting on salt tolerance of watermelon plants. Watermelon (Citrullus lanatus, Hybrid F1) Aswan1 was grafted onto the rootstock of Flexifort pumpkin (Cucurbita maxima x C. moschata) and irrigated with four different concentrations of NaCl (0.0, 2000, 4000, 6000 ppm). Two samples were taken at 20 and 40 days after planting (DAP). Plant height, leaf numbers and area, branches number, root length, and shoot and root fresh and dry weights were negitavly affected by salinity in ungrafted plants and this effect was directly proportional to NaCl concentrations. On the contrary, grafting positively affected the aforementioned parameters and minimized the harmful effect of salinity. Furthermore, grafted plants showed higher growth vigor comparing with ungrafted control plants or plants received the same treatment of NaCl and these effects were mostly siginificant. An increase in membrane permeability (MP) was detected at 20 and 40 DAP by application of different levels of NaCl salinity and this effect was positively correlated with NaCl concentration. Grafted plants showed decreasing in MP with 12.7% higher LRWC than ungrafted plants. Under 2000, 4000, 6000 NaCl ppm salinity levels, the values of salt injury index recorded 15.1, 26.5 and 37.5 in ungrafted plants at 20 DAP comparing with 0.0, 6.9 and 12.9 in grafted ones.
INTRODUCTION
Approximately 20% of the world's cultivated land and nearly half of all irrigated lands are affected by salinity (Zhu, 2001 ). Salinity in irrigation water and in soils is one of the major abiotic constraints on agriculture worldwide, and the situation has worsened over the last 20 years due to the increase in irrigation requirements in arid and semi-arid regions such as those found in the Mediterranean area (Munns and The initial and primary effect of salinity is due to its osmotic effect, leading to low water potential of the root medium. Two other effects of salinity are toxicity of ions, mainly Na + and Cl -, and nutrient imbalance due to a decrease in uptake and/or transport during plant growth (Jacoby, 1994; Marschner, 1995 and Levitt 1980) . Therefore, salt resistance often depends on the ability of the plant to develop adaptive strategies under stress conditions (Ors and Suarez, 2016). To alleviate these problems, grafting is recommended as an important technique for vegetable production in many countries where intensive and continuous cultivation is performed. Grafting is used in watermelon production to improve the salinity tolerance of plants (Yetisir and Uygur , 2010), to enhance nutrient absorption (Ruiz et al 1997) , to improve water use (Cohen and Naor 2002), to control Fusarium wilt, to increase low temperature tolerance, and to increase yield by enhancing water and plant nutrient uptake (Lee, 1994 and Oda, 1995 Watermelon was grafted onto Cucurbita moschata, C. maxima, Benincasa hispida, and Lagenaria siceraria. L. siceraria a species widely used as rootstock for watermelon (Lee, 1994) .
Therefore, the present study was conducted to investigate the enhancement effect of grafting using Flexifort pumpkin (Cucurbita maxima x C. moschata) as rootstock on improving salt tolerance in watermelon plants. In this respect, plant growth vigor, leaves relative water content, membrane permeability (electrolyte leakage) and salt injury index were investigated.
MATERIALS AND METHODS

Plant materials
Pots experiment was performed in a greenhouse of the Agricultural Botany Department, Faculty of Agriculture, Ain Shams University, at Shoubra El-Kheima, Kalubia, Egypt, during the seasons of 2015 and 2016. Watermelon Hybrid F1 (Citrullus lanatus) Aswan 1 was used as a scion and Flexifort pumpkin (Cucurbita maxima x C. moschata) was used as rootstock. Flexifort was selected as the most representative commercial rootstock used in Egypt due to its high compatibility with watermelon cultivars and its resistance to soil borne pathogens. Flexifort pumpkin seeds were sown in greenhouse on 1 st January in foam trays (84 cells) filled with mixture of peat: vermiculite (3:1, v: v). Three days later, seeds of watermelon scion were sown. Plants were ready for grafting when seedlings of the rootstock had developed two cotyledon leaves (after 14 day from sowing), the watermelon seedling with one true leaf was grafted onto the rootstock. Using the procedure of the "one cotyledon graft" is also known as "splice" grafting (Cushman, 2006 and Oda, 1995) as shown in diagram (1). The seedlings were incubated for 5 days on 24-26°C air temperature, relative humidity of 95% and 30-50% shading under plastic tunnel in the nursery. Ten days after grafting (5 days after incubation), plants were transferred to the greenhouse where grafted and ungrafted plants were transplanted into plastic pots (20 kg capacity) filled with washed sandy soil (2 plants / pot) and thinned to one plant at seven days after sowing.
Treatments
The experiment was designed as a factorial combination of the following: a. Pots were arranged in a piece of splinter once design with three replicates (3pots/ treatment/ replicate).
Growth measurements
Samples were taken at 20 and 40 days after planting (DAP) for growth measurements; main stem height (cm), leaf area (cm) 2 , number of leaves, number of lateral shoot. Root length (cm), root and shoot fresh and dry weights (g ) were recorded at 40 DAP. A known weight of plants were dried in a ventilated oven at 70°C for 24 h, then at 105°C for 3 h. Plants dry weight was determined and expressed as g. dry weight / plant. The leaf area (LA) of second fully expanded leaves of grafted and non-grafted watermelon plants were estimated using the equation LA = 2.99 + 0. 
Measurement of membrane permeability
For measurement of MP, 20 leaf discs (10 mm in diameter) from the young fully expanded leaves Enhancement of salt tolerance in watermelon using grafting Arab Univ. J. Agric. Sci., 26(1), 2018 329 were placed in 50 ml glass vials, rinsed with distilled water to remove electrolytes released during leaf disc excision. Vials were then filled with 30 ml of distilled water and allowed to stand in the dark for 24 h at room temperature. Electrical conductivity (EC1) of the bathing solution was determined at the end of incubation period. Vials were heated in a temperature-controlled water bath at 95°C for 20 min, and then cooled to room temperature and the electrical conductivity (EC2) 
Determination of leaf relative water content (LRWC)
The second fully expanded youngest leaf from top was taken and four leaf discs (1.0 cm diameter) of each leaf were sampled and immediately weighed fresh weight (FW). Then, they were immersed in distilled water in Petri dishes for 24 h at 4 °C in darkness and the turgid weight (TW) determined. The discs were dried in an oven at 70 °C for 24 h and the dry weight (DW) obtained. Then RWC was calculated as given below according to the method of (Silveira et al 2003):
RWC (%) = FW-DW / TW-DW * 100
Salt injury index
Plants grown for 20 & 40 days under different NaCl-salinity levels were classified for their salt tolerance by visual appearance following the method of Zhang et al (2003) . The classified criteria of salt injury are: 0 level (non-sufferable injury), 1 level (one-third of the leaf edge suffered injury), 2 level (two-thirds of the leaf edge suffered injury), 3 level (full leaf edge suffered injury or one-third of the lamina desquamated), 4 level (two-thirds of the lamina desquamated), 5 level (full lamina desquamated). The salt injury index was calculated by using the equation:
salt injury index (%) = Σ (level value × plant number) × 100/ (the highest level value × total plant number).
Statistical analysis
Data were statistically analyzed using CoStat software (version 6.4, CoHort Software, USA) according to the method described by Gomez and Gomez (1984). One way (ANOVA) were used to test for significant differences among treatments. Significance between means was tested by Tukey's student zed range test at the 5%.
RESULTS AND DISCUSSION
The following results represent the mean of the two seasons
Growth parameters
As shown in Tables (1 and 2 Significant reduction in shoot and root fresh and dry weights was detected parallel to increasing NaCl levels, the highest reduction was recorded by 6000 ppm NaCl. Grafting showed obvious improvement in these parameters. The mean values of shoot and root fresh weights were 59.9, 15.2 g in grafted plants comparing with 44.4, 11.3 g for ungrafted ones. Moreover, under different levels of salinity grafting enhanced also root length.
Reduction in growth in response to salinity is usually attributed to either ion toxicity or low external osmotic potential (Munns and Termatt, 1986). Inhibition of plant growth by salinity is the result of low osmotic potential of soil (water stress), nutritional imbalance, specifc ion effect (salt stress) or a combination of these factors (Parvaiz and Satyawati, 2008). Salt-tolerant plants differ from saltsensitive ones in having a low rate of Na + and Cl -transport to leaves, and the ability to compartmentalize these ions in vacuoles to prevent their build-up in cytoplasm or cell walls and thus avoid salt toxicity( Munns, 2002).
Membrane permeability (MP)
An increase in membrane permeability (MP) was detected at 20 and 40 DAP under NaCl salinity (Tables 3 and 4 ) and this effect was correlated with NaCl salinity concentration. The maximum values of MP were observed with 6000ppm NaCl. Grafting reduced this harmful effect of salinity by decreasing MP. The best values of MP were observed with zero NaCl salinity of ungrafted and grafted plants.
Membrane permeability is a sensitive test to determine salt stress and tolerance (Mansour and Salama , 2004). Cell membrane stability has been widely used to differentiate stress tolerant and susceptible cultivars of some crops. Kaya et al (2001) suggested that, increase in membrane permeability at seedling stage were lower than at vegetative stage at high salinity and this also shows a strong link between time of exposure to high salinity and membrane permeability. 
Leaf relative water content (LRWC)
Data in (Tables 3 and 4) reveal that different levels of NaCl salinity significantly decreased leaf relative water content (LRWC). The highest reduction of LRWC at 20 DAP was 26.0% in ungrafted plants under 6000 ppm NaCl salinity. On contrary grafted plants recorded 12.7 % an increase in LRWC. Grafted plants under saline condition showed significant increase in LRWC comparing with ungrafted plants received the same concentrations of NaCl.
Water status in plant under salt stress is the most limiting factor affecting plant growth. (proline), quaternary and tertiary onium compounds (glycine betaine, dimethylsulfoniopropionate), and polyol/small sugars (mannitol, trehalose). All these substances are highly soluble in water and acts as free radical scavengers and directly stabilize membranes and/or proteins, 
Salt injury index
Salinity induced salt injury and this effect was increased with progress in age (Tables 3 and 4) . Salt injury index mean values were higher at 40 than 20 DAP. Grafting prevented this injury at 20 DAP in plants treated with 2000 ppm NaCl salinity and reduced it under the higher concentrations of NaCl.
Salt injury index is qualitative description of morph visible symptom on plant. However, salinity stress caused nutrient unbalance. Where Na & Cl were dominant against K, Ca, P either on cell membrane or inside cells. Therefore, NaCl salinity stress could be considered as abiotic disease resulted from physiological disorder. Leaf disease severity index % was applied under salinity stress to reveal the degree of salt sensitive and tolerant plant (El-Shraiy et al 2011). The plasma membrane is the part of the cytoplasm that first encounters the salt and this may be the primary site of salt injury. Plant species and cultivars within a crop species differ greatly in their responses to salinity (Dasgan et al 2002) . 
